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Introduction {#sec001}
============

Annually, about 795,000 Americans suffer from stroke, and almost one quarter, 185,000, of these strokes are recurrent strokes \[[@pone.0235122.ref001]\]. Although several prediction models for recurrent stroke have been reported \[[@pone.0235122.ref002]--[@pone.0235122.ref006]\], their certainty is moderate at best \[[@pone.0235122.ref007]\]. Recent data on inclusion of genetic markers in prediction models of stroke has been mixed. Achterberg and colleagues did not find an additional value of genetic information in predicting recurrence of vascular events including stroke after cerebral ischemia \[[@pone.0235122.ref008]\]. In the Genotyping Recurrence Risk of Stroke (GRECOS) project, however, Fernándes-Cadenas et al. found an association of the single nucleotide polymorphism (SNP) rs1800801 in the matrix carboxyglutamatic acid Gla protein (MGP) gene with first-year recurrent ischemic stroke in Spanish Caucasians \[[@pone.0235122.ref009]\]. MGP is an extracellular matrix protein involved in the inhibition of calcification of arteries and cartilage \[[@pone.0235122.ref010]\]. Recently, a meta-analysis highlighted the SNP rs1800801 (12-15038788C-T, G\>A) in Caucasians to increase the risk for vascular calcification and atherosclerotic disease \[[@pone.0235122.ref011]\]. Here, we investigated the impact of rs18008001 on the risk for first-year recurrent stroke in a North American Caucasian population.

Materials and methods {#sec002}
=====================

Study design {#sec003}
------------

Caucasian acute ischemic stroke patients admitted between October 2009 and December 2016 at three hospitals that are part of a large healthcare system in the northeastern United States were retrospectively reviewed. Patients were identified through the American Heart Association "Get With The Guidelines® Stroke" center database and cross-checked with individuals enrolled in a healthcare system-wide bio-banking exome sequencing program to link genetic samples and electronic health records data called MyCode. The institutional phenomic analytics and clinical data core performed electronic health record (EHR) data extraction from the clinical documentation improvement specialist (CDIS) and various disparate data sources with subsequent manual chart review (N.S., M.A., S.K.) to verify the accuracy of diagnosis of acute ischemic stroke and document subsequent clinical management. This study was carried out in accordance with the recommendations of the Geisinger Institutional Review Board with written informed consent from all subjects. All subjects gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the Geisinger Institutional Review Board (IRB\#: 2017--0521).

MyCode enrollment process and whole exome sequencing {#sec004}
----------------------------------------------------

The MyCode Community Health Initiative was established in 2007 as a discovery research initiative with more than 200,000 currently consented subjects \[[@pone.0235122.ref012]\]. Recruitment occurs in primary care and specialty clinics throughout the health system without regard to underlying diseases. The health system established research collaboration with Regeneron Genetics Center (RGC) that includes conducting whole-exome sequencing in MyCode participants and linking sequence data to EHR data. Whole-exome sequencing is performed at RGC as previously described \[[@pone.0235122.ref013]\]. Exome-sequencing data were available for 92,455 individuals at the commencement of this study. The MGP SNP rs1800801 genotype was obtained in eligible stroke patients. The minor allele frequency (MAF) of rs1800801, which is a single nucleotide G\>A variant in the 5'UTR, is 0.31 for the A allele \[[@pone.0235122.ref014]\].

Patient characteristics, clinical variables, and outcome measures {#sec005}
-----------------------------------------------------------------

The diagnosis of acute ischemic stroke was based on the neurologic examination and confirmed by CT-scan or magnetic resonance imaging (MRI). Ischemic strokes were allocated to subtypes of ischemic stroke according to TOAST criteria \[[@pone.0235122.ref015]\]. Clinical and past-medical history variables were collected in a non-blinded fashion. Functional outcome was assessed using the modified Rankin Scale (mRS) with mRS 0--2 representing a favorable and mRS 3--6 representing an unfavorable functional outcome (mRS 6 death).

First-year recurrent ischemic stroke and non-recurrent ischemic strokes {#sec006}
-----------------------------------------------------------------------

Patients who experienced an acute ischemic stroke between 10/2009 and 12/2016 were screened for first-year recurrent stroke via chart review of the health system database. Patients were categorized as (1) recurrent stroke within the first year of index stroke versus (2) no recurrent stroke. Those patients who experienced a recurrent stroke beyond the first year were excluded from this analysis.

Statistical analysis {#sec007}
--------------------

Continuous variables are presented as mean ± standard deviation and categorical variables are presented as frequency and percent. Univariable analyses were carried out using binary logistic regression, Chi-square and Fisher's exact tests, as appropriate. Post hoc testing for crosstabs exceeding 2x2 dimension was performed calculating adjusted standardized residuals (z-scores) and thereof p-values. Significance for crosstabs was eventually evaluated after Bonferroni correction. Multivariable analysis was performed by integrating variables with a possible association with first-year recurrent stroke (p \< 0.15). Stepwise backward elimination was performed, p-values of \< 0.05 were considered statistically significant. Discrimination of predictive models was performed using the area under the receiver operating characteristic curve (AUC). Statistical analysis was performed using IBM SPSS version 22. Analysis was conducted using MedCalc software.

Results {#sec008}
=======

Patient characteristics {#sec009}
-----------------------

A total of 9,348 suspected acute ischemic strokes were admitted to one of three health system hospitals between 10/2009 and 12/2016, with 1,727 (18.5%) enrolled in the exome sequencing program. Among those, 1,068 MyCode patients had exome sequencing data available at the commencement of this study and were eligible for inclusion. The one-year incidence rate of recurrent stroke was 79/1,068 (7.4%) in our study population. Mean age of patients with and without recurrent stroke was 66.9 and 68.2 years, respectively. Functional outcome at discharge was favorable (mRS 0--2) in 28/79 (35.4%) recurrent stroke patients and 352/985 (35.7%) non-recurrent stroke patients. In-hospital mortality was 1.3% (1/79) in recurrent stroke patients and 2.4% (24/985) in non-recurrent stroke patients. At 90 days follow-up, 38/77 (49.4%) recurrent stroke patients had a favorable functional outcome, and 6/79 (7.8%) recurrent stroke patients were deceased ([Table 1](#pone.0235122.t001){ref-type="table"}).

10.1371/journal.pone.0235122.t001

###### Patient characteristics.

![](pone.0235122.t001){#pone.0235122.t001g}

                                            Recurrent stroke within first year   No recurrent stroke   Statistics OR (95% CI) / p-value
  ----------------------------------------- ------------------------------------ --------------------- ----------------------------------
  Patients (N)                              79/1068 (7.4%)                       989/1068 (92.6%)      
  Age in years \[mean ± SD\]                66.9 ± 14.5                          68.2 ± 13.2           0.387
  Sex                                                                                                  
      Female                                44/79 (55.7%)                        483/989 (48.8%)       1.317 (0.830--2.089)
      Male                                  35/79 (44.3%)                        506/989 (51.2%)       
  TOAST subtypes of stroke                                                                             ≤ 0.001
      Cardioembolism                        24/79 (30.4%)                        313/989 (31.6%)       
      Large-artery atherosclerosis          25/79 (31.6%)                        222/989 (22.4%)       
      Small vessel occlusion                5/79 (6.3%)                          168/989 (17.0%)       
      Stroke of undetermined etiology       17/79 (21.5%)                        263/989 (26.6%)       
      Stroke of other determined etiology   8/79 (10.1%)                         23/989 (2.3%)         
  History of hypertension                   67/79 (84.8%)                        784/989 (79.3%)       1.460 (0.775--2.750)
  Diabetes mellitus II                      35/79 (44.3%)                        392/989 (39.6%)       1.211 (0.763--1.923)
  Dyslipidemia                              64/79 (81.0%)                        704/989 (71.2%)       1.727 (0.968--3.081)
  Smoking status^§^                                                                                    
      Current                               20/79 (25.3%)                        205/967 (21.2%)       1.260 (0.742--2.141)
      Former                                25/79 (31.6%)                        390/967 (40.3%)       
      Never                                 34/79 (43.0%)                        372/967 (38.5%)       
  Alcohol consumption^\$^                   25/79 (31.6%)                        344/936 (36.8%)       0.797 (0.487--1.304)
  BMI ≥ 25                                  63/79 (79.7%)                        786/989 (79.5%)       1.017 (0.575--1.798)
  Peripheral vascular disease               13/79 (16.5%)                        107/989 (10.8%)       1.624 (0.867--3.041)
  Coronary artery disease                   33/79 (41.8%)                        301/989 (30.4%)       1.640 (1.028--2.616)
  Atrial fibrillation                       18/79 (22.8%)                        223/989 (22.5%)       1.014 (0.587--1.751)
  Prior stroke                              35/79 (44.3%)                        75/989 (7.6%)         9.694 (5.865--16.022)
  Carotid stenosis                          28/79 (35.4%)                        384/989 (38.8%)       0.865 (0.536--1.396)
  Intracranial arteriosclerosis             32/79 (40.5%)                        333/989 (33.7%)       1.341 (0.840--2.142)
  Anemia                                    13/79 (16.5%)                        145/989 (14.7%)       1.146 (0.617--2.132)
  Pro-coagulant coagulation disorder        9/79 (11.4%)                         31/989 (3.1%)         3.973 (1.820--8.674)
  COPD                                      9/79 (11.4%)                         120/989 (12.1%)       0.931 (0.453--1.912)
  Sleep apnea                               11/79 (13.9%)                        104/989 (10.5%)       1.377 (0.705--2.686)
  Family history                            24/79 (30.4%)                        207/989 (20.9%)       1.648 (0.996--2.727)
  Home medication                                                                                      
      Anti-platelet                         53/79 (67.1%)                        291/989 (29.4%)       4.878 (3.003--8.000)
      Anticoagulation                       14/79 (17.7%)                        65/989 (6.6%)         3.062 (1.631--5.748)
      Statins                               55/79 (69.6%)                        296/989 (29.9%)       5.365 (3.259--8.832)
      ACE-/AT~1~-inhibitor                  30/79 (38.0%)                        266/989 (26.9%)       1.664 (1.034--2.678)
      Beta blocker                          41/79 (51.9%)                        338/989 (34.2%)       2.078 (1.311--3.293)
      Oral anti-diabetic                    17/79 (21.5%)                        127/989 (12.8%)       1.861 (1.055--3.284)
  Outcome at discharge (mRS)^\#^                                                                       
      0--2                                  28/79 (35.4%)                        352/985 (35.7%)       0.987 (0.611--1.594)
      6 (dead)                              1/79 (1.3%)                          24/985 (2.4%)         0.513 (0.069--3.845)
  Outcome after 90 days (mRS)^†^                                                                       
      0--2                                  38/77 (49.4%)                        658/967 (68.0%)       0.458 (0.287--0.730)
      6 (dead)                              6/77 (7.8%)                          57/967 (5.9%)         1.349 (0.562--3.237)

Data missing in § 22 patients, \$ 53 patients, \# 4 patients, † 24 patients

Association of matrix Gla protein polymorphism, clinical variables and recurrent stroke {#sec010}
---------------------------------------------------------------------------------------

The MGP SNP rs1800801 was in Hardy-Weinberg equilibrium in patients with and without first-year recurrent stroke (p = 0.928 and p = 0.424, respectively). Genotype distributions between both groups differed significantly (p = 0.011). Linear-by-linear association demonstrated a significant association of the T allele (polymorphism allele) with the rate of recurrent strokes (p = 0.004) ([Table 2](#pone.0235122.t002){ref-type="table"}).

10.1371/journal.pone.0235122.t002

###### Genotype frequencies of SNP rs1800801.

![](pone.0235122.t002){#pone.0235122.t002g}

  Polymorphism   Genotype         Recurrent stroke   No recurrent stroke   P value
  -------------- ---------------- ------------------ --------------------- ---------
  rs1800801      GG (N = 422)     22/422 (5.2%)      400/422 (94.8%)       0.011
  GA (N = 506)   39/506 (7.7%)    467/506 (92.3%)                          
  AA (N = 140)   18/140 (12.9%)   122/140 (87.1%)                          
  HWE            0.928            0.424                                    

Linear-by-linear association p = 0.004. HWE = Hardy-Weinberg equilibrium

In univariable analysis, dyslipidemia, peripheral vascular disease, coronary artery disease, prior stroke, pro-coagulant disorder, and positive family history of stroke were associated with recurrent stroke within the first year and were thus analyzed in multivariable analysis. Home medication (each of the following: anti-platelet, anticoagulation, statins, ACE-/AT~1~-inhibitor, beta-blocker and oral anti-diabetic) was also associated with recurrent stroke within the first year. However, these variables were not integrated into the multivariable analysis as they present indirect indicator variables of cerebrovascular disease and other health conditions that were directly assessed through past medical history variables. In multivariable analysis, stroke prior to the index stroke (OR 9.694, 95% CI 5.793--16.224, p ≤ 0.001), pro-coagulant status (hypercoagulability) (OR = 3.563, 95% CI 1.504--8.443, p = 0.004) and the AA vs GG and GA genotype of SNP rs1800801 (OR = 2.408, 95% CI 1.079--4.389, p = 0.004) were independently associated with recurrent stroke within the first year. A trend towards recurrent stroke was observed for positive family history (OR = 1.698, 95% CI 0.988--2.916, p = 0.055) ([Table 3](#pone.0235122.t003){ref-type="table"}).

10.1371/journal.pone.0235122.t003

###### Predictors of recurrent stroke within first year after first stroke.

![](pone.0235122.t003){#pone.0235122.t003g}

  Predictors                           ß coefficient   OR (95% CI)              P value
  ------------------------------------ --------------- ------------------------ ---------
  Procoagulant                         1.271           3.563 (1.504--8.443)     0.004
  Prior stroke                         2.272           9.694 (5.793--16.224))   ≤ 0.001
  Family history                       0.529           1.698 (0.988--2.916)     0.055
  AA vs GG & GA genotype (rs1800801)   0.879           2.408 (1.079--4.389)     0.004

Subgroup analysis of AA vs GA genotype (rs1800801) in same multivariable model OR = 2.062, 95% CI (1.013--3.937, p = 0.029).

Subgroup analysis comparing the AA genotype vs GA genotype (excluding the GG genotype) within the same model showed an OR = 2.062, 95% CI 1.013--3.937, p = 0.029, thus demonstrating the AA genotype to be at highest risk. The area under the receiver operating characteristics curve (AUC) for the model including SNP rs1800801 was 0.744 (95% CI 0.717--0.770), whereas the model without the SNP rs1800801 yielded an AUC of 0.740 (95% CI 0.712--0.766) ([Fig 1](#pone.0235122.g001){ref-type="fig"}).

![Receiver operating curves for prediction of recurrent stroke within the first year with and without MGP single nucleotide polymorphism rs1800801.](pone.0235122.g001){#pone.0235122.g001}

Discussion {#sec011}
==========

Identification of patients at risk for recurrent stroke is critical because approximately one-quarter of all strokes represent with recurrence and purport poor outcomes. Additional cerebrovascular ischemic events or systemic vascular ischemic events increase the risk for morbidity and mortality \[[@pone.0235122.ref001]\]. Thus, secondary prevention in patients who recently experienced a cerebrovascular event is critical and warrants investigation of clinical and non-clinical risk factors associated with stroke recurrence.

In this analysis, we observed an independent association between the AA genotype of the MGP SNP rs1800801 and recurrent stroke within the first year in North American Caucasians. The MGP is an extracellular matrix protein primarily synthesized by vascular smooth-muscle cells (VSMCs) and chondrocytes. Mice deficient in MGP display significant artery calcification and suffer pathological cartilage calcification causing osteopenia and fractures. \[[@pone.0235122.ref010]\]. The underlying mechanism of vascular calcification and the role of MGP in this multifactorial process are still under investigation. An interplay of uremic toxins, calcium and phosphate deposits, lipidaceous vesicles, and VSMC transdifferentiation has been debated \[[@pone.0235122.ref016]\]. Herrmann and colleagues identified 8 MGP polymorphisms and found that individuals with femoral atherosclerotic plaques calcifications and myocardial infarction were more frequently carriers of the minor A allele of rs1800801. However, they could not demonstrate a function for this allele in vitro \[[@pone.0235122.ref017]\]. Harbuzova et al. analyzed the role of MGP in cerebrovascular disease. They found that the AA genotype of rs1800801 was associated with an increased risk of ischemic atherothrombotic stroke in Ukrainian females \[[@pone.0235122.ref018],[@pone.0235122.ref019]\]. They also reported that the AA genotype associated with an altered prothrombin time, presumably causing increased hypercoagulability \[[@pone.0235122.ref020]\]. This study group also observed the AA genotype of rs1800801 to occur significantly more frequently in patients that suffered from acute coronary syndrome \[[@pone.0235122.ref021]\]. Recently, Sheng et al. examined the association of the MGP SNPs rs1800801, rs1800802, and rs4236 with vascular calcification and atherosclerotic disease in a meta-analysis \[[@pone.0235122.ref022]\]. Out of 23 included case-control studies with 5,280 cases and 5,773 controls, the A allele of rs1800801 associated significantly with vascular calcification and atherosclerotic disease in Caucasians but not Asians. Moreover, no association was found with rs1800802 or rs4236. Fernández-Cadenas and colleagues recently reported that rs1800801 associated with first-year recurrent ischemic stroke in a Spanish cohort in the Genotyping Recurrence Risk of Stroke (GRECOS) study \[[@pone.0235122.ref009]\]. Interestingly, the G allele was the risk allele and the A allele was protective. Their derivation cohort consisted of 1,494 white patients enrolled in 23 Spanish hospitals and the results were replicated in a Spanish cohort of 1,305 patients. However, the authors did not find significant association of rs1800801 with recurrent ischemic stroke in a North American cohort of 1,683 patients who were also enrolled in the Vitamin Intervention for Stroke Prevention (VISP) trial \[[@pone.0235122.ref023]\]. The GRECOS authors raised the possibility that vitamin intervention in the VISP trial, genetic differences between North American and Spanish Caucasian populations, and/or exclusion criteria in the VISP trial could account for the discord between the Spanish and North American cohorts \[[@pone.0235122.ref009]\]. The findings in the current study of a Caucasian North American cohort are also discordant with those of Fernándes-Cadenas et al. We identified the allele A of rs1800801 as the risk allele. This finding is in line with the findings, discussed above, that the A allele is the risk allele in cerebrovascular disease.

Whether genetic information adds significant value to predict recurrent stroke has recently gained increasing attention. Achterberg et al. found that genetic information did not improve a risk stratification model for recurrence of vascular events including stroke after cerebral ischemia. The AUC was negligibly increased from 0.65 (95% CI 0.54--0.65) to 0.66 (95% CI 0.54--0.66) when adding genetic information \[[@pone.0235122.ref008]\]. In the current study, the predictive value of recurrent ischemic stroke was also not improved significantly by rs1800801 genetic information. The AUC of the prediction model when including the genetic status of rs1800801 was 0.744 as compared to 0.740 in the prediction model without inclusion of genetic status. Stroke recurrence is clearly multifactorial and the extent to which this or other SNPs or a combination thereof have an impact is currently unknown. Comparison of the two AUCs clearly illustrates the limitations of genetic factors when analyzed in combination with clinical characteristics. Thus, additional investigation is required to determine whether genetic differences, including MGP SNP rs1800801, contribute to the risk of recurrent stroke in acute ischemic stroke patients and whether they can improve accuracy when integrated into clinical prediction models. To date, the role of MGP SNP rs1800801 is somewhat inconclusive. With respect to prediction of recurrent ischemic stroke, it remains to be determined whether MGP SNP rs1800801 is a valid biomarker or surrogate marker.

Limitations {#sec012}
-----------

Data collection and analysis were performed retrospectively and, as such, are subject to incomplete datasets. Association of a SNP does not provide insight into whether the given SNP is in linkage disequilibrium with another SNP(s) to account for the findings. We focused on rs1800801 and first-year recurrent risk of stroke based on the findings by Fernándes-Cadenas et al. \[[@pone.0235122.ref009]\]. A recurrent stroke within the first year was observed in 7.4% of our cohort. This is in line with other studies \[[@pone.0235122.ref002],[@pone.0235122.ref009],[@pone.0235122.ref024]\]. Whether setting the cutoff for early recurrence of stroke at a year is vindicated will require further exploration. The purpose of the presented study was to validate the work of Fernándes-Cadenas et al. where only recurrences within the first year were assessed \[[@pone.0235122.ref009]\]. The distribution of TOAST stroke subtypes and other clinical characteristics are comparable to other large stroke studies \[[@pone.0235122.ref015],[@pone.0235122.ref025]\]. Additionally, the MyCode stroke database is not subject to selection bias \[[@pone.0235122.ref026]\]. Some patients may have had a recurrent stroke managed outside of our healthcare system during the follow-up period or suffered another stroke without further treatment.

Conclusions {#sec013}
===========

We found that the AA genotype of MGP SNP rs1800801 is associated with recurrent stroke within the first year after ischemic stroke in North American Caucasian. Whether incorporation of the genetic status at this locus can contribute to a more accurate prediction of recurrent ischemic strokes in subgroups of Caucasians or other populations remains to be determined.

10.1371/journal.pone.0235122.r001
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-in Table 1 -- Patients characteristics - in the stroke recurrent group: 44.3% had stroke in the past (vs. 7.6%), which may be in relation with genetic association (family history), associated with metabolic syndrome (80% with BMI\>25, in both groups), and procoagulant disorders. Also it seem that the recurrence appear in nonsmokers group(43% vs. 25.3%). How would you comment on the lack of correlation between smoking and vascular complications? Studies did show an increase of MGP in smokers (Silaghi CN et al, Clin Chim Acta 2019) and the correlation with cardiovascular complications.

\- how would you comment on the fact that mortality was less probable in the recurrent group (even with prior strokes) than in the other group (1.26% vs. 2.43%).

\- why should be taken in consideration the AA genotype frequency of SNP rs1800801, representing 13% of genotypes (vs.39.5% and 47.4%), from 7.4% of patients that will have recurrence in the first year, and these events are less harmful than in the other group? How powerful is the message for introducing AA genotype of SNP rs1800801 as a risk tool, in comparison with other contributing factors to vascular complications? If other risk factors are not described, they should be at least mentioned -- SNP for adiponectin, etc.

-rows 70-71, 190 -- „MGP is an extracellular matrix protein involved in inhibition of bone and vascular calcification" - is misleading information. MGP is not produced by bone cells, but by chondrocytes and fibroblasts, smooth muscle cells (Price PA, 1988, 1992). MGP does not have a role in bone remodeling cycle.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reviewer \#1: In the Genotyping Recurrence Risk of Stroke (GRECOS) project, however, Fernándes-Cadenas et al. found an association of the single nucleotide polymorphism (SNP) rs1800801 in the matrix carboxyglutamatic acid Gla protein (MGP) gene with first-year recurrent ischemic stroke in Spanish Caucasians. MGP is an

extracellular matrix protein involved in inhibition of bone and vascular calcification. Since a recent a meta-analysis highlighted the SNP rs1800801 (12-15038788C-T, G\>A) in Caucasians to increase the risk for vascular calcification and atherosclerotic disease, the authors investigated the impact of rs18008001 on the risk for first-year recurrent stroke in a North American Caucasian population. This is a good study conducted on an acceptable no of patients.

We appreciate the reviewer´s positive comment on our study.

However, since age is the only non-modifiable risk factor for stroke I would like to know the age-dependence (if any) of the SNP rs1800801 among the enrolled patients.

We appreciate the reviewer´s comment. We assessed age-dependent distribution of SNP rs1800801 genotypes in our cohort. We did not find age differences among AA, GA, GG genotypes in our cohort (mean 69 -- 68 -- 67; median 70 -- 70 -- 68; min/max/IQR 24/93/17 -- 22/96/20 -- 28/99/19, respectively). We also assessed age groups and dichotomized for cut-off values (age ≥ 60 as in ABCD2/California scores or age ≥ 69 as present study median) and did not find any differences. In our logistic regression model, impact of age among enrolled patients was assessed both as a quantitative (continuous) variable and a qualitative (age groups) variable. We agree that age is an important risk factor for stroke recurrence, which is also displayed by ABCD2, ESRS, and California risk score to predict recurrent events. However, the herein presented study is a retrospective database analysis, which should not compete with prospective clinical risk stratification.

Further, the authors shall discuss the age-dependency of extracellular matrix protein involved in inhibition of bone and vascular calcification.

The reviewer addresses an interesting issue. To date, the mechanisms of vascular calcification and the interplay of MGP have not been elucidated. We added a statement on the potential players in the pathological mechanisms. Elaborating on unsupported hypotheses, however, would side track the readers´ attention from the genetic association study. Thus, we limited the additional information on this aspect.

Reviewer \#2: -what is the normal distribution of the AA genotype of MGP SNP rs1800801 in general healthy Caucasian population of North America? Is it comparable with the population of Spain?

The references (ref) and alternative (alt) allele frequencies can be obtained from reference \[14\] in the manuscript: <https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1800801>. The minor allele frequencies (MAFs) appear to be similar for most ethnicities and range from 0.27 -- 0.37, whereas a significant decline has been observed in some Asian subgroups with MAF \< 0.07. Therefore, we expect the MAF from our North American cohort (only Caucasians) and the GRECOS cohort to be in equal ranges.

-in Table 1 -- Patients characteristics - in the stroke recurrent group: 44.3% had stroke in the past (vs. 7.6%), which may be in relation with genetic association (family history), associated with metabolic syndrome (80% with BMI\>25, in both groups), and procoagulant disorders. Also it seem that the recurrence appear in nonsmokers group (43% vs. 25.3%). How would you comment on the lack of correlation between smoking and vascular complications?

Smoking status between the two groups (1st-year recurrent vs no recurrent) was equally distributed as displayed in Table 1. In the 1st-year recurrent group 25.3% were current smokers, whereas 43.0% had never smoked. In the no recurrent group 21.2% were current smokers and 38.5% had never smoked. We cannot replicate that non-smoking should be the predominant driver for stroke recurrence.

Additionally, we do not report a lack of correlation between smoking and vascular complications; as such analysis is not part of the herein presented manuscript. In our study, smoking status was not associated with 1st-year stroke recurrence. However, in our cohort we do find that never-smokers have significant decreased odds of suffering from carotid stenosis, coronary heart disease, and peripheral vascular disease (all OR \< 1, p \< 0.05). That smoking status was not associated with 1st-year stroke recurrence could be attributed to multiple factor: i) data was obtained from a retrospective database, thus smoking status could not be analyzed in a quantitative but only a qualitative measure, ii) effects of former-smoking could counterbalance both current and never smoking depending on how long smoking has been stopped, or iii) smoking might not be a predominant factor for early stroke recurrence. Additional studies need to investigate the role of smoking for early stroke recurrence.

Studies did show an increase of MGP in smokers (Silaghi CN et al, Clin Chim Acta 2019) and the correlation with cardiovascular complications.

\- how would you comment on the fact that mortality was less probable in the recurrent group (even with prior strokes) than in the other group (1.26% vs. 2.43%).

The 1.3% vs 2.4% mortality rates are those at patient discharge. Discharge outcomes rates are prone to bias. Duration of hospital stay, complications during hospital stay, and discharge location have to be taken into consideration when interpreting discharge outcomes. Therefore, standardized follow-ups such as 90-day follow-ups are mandatory to evaluate outcome. Here, at 90-day follow-up, mortality rates are 7.8% vs 5.9% which reflects the burden of a recurrent stroke event.

\- why should be taken in consideration the AA genotype frequency of SNP rs1800801, representing 13% of genotypes (vs.39.5% and 47.4%), from 7.4% of patients that will have recurrence in the first year, and these events are less harmful than in the other group?

As mentioned above, recurrent strokes are not less harmful event that no recurrent strokes. The AA genotype was significantly associated with occurrence of a first-year stroke recurrence.

How powerful is the message for introducing AA genotype of SNP rs1800801 as a risk tool, in comparison with other contributing factors to vascular complications? If other risk factors are not described, they should be at least mentioned -- SNP for adiponectin, etc.

In the results section we demonstrate that we could not improve predictability of stroke recurrence with the integration of SNP rs1800801, i.e. the AUC are almost identical. In the discussion section we mention that we did not find this genetic polymorphism to be of additional predictive value and thus far clinical variables appear to be most accurate.

-rows 70-71, 190 -- „MGP is an extracellular matrix protein involved in inhibition of bone and vascular calcification" - is misleading information. MGP is not produced by bone cells, but by chondrocytes and fibroblasts, smooth muscle cells (Price PA, 1988, 1992). MGP does not have a role in bone remodeling cycle.

We agree with the reviewer that the abstract from our reference reports vascular smooth muscle cell and chondrocyte calcification. We do not mention that MGP is synthesized by osteoblasts. However, a detailed look into the reports also mentioned by the reviewer (Fraser and Price 1988, J Biochem) reveals: "It should be noted in this context that MGP is in fact made by cartilage as well as bone." Additionally, Cancela and Price 2001: Matrix Gla protein in Xenopus laevis: molecular cloning, tissue distribution, and evolutionary considerations. J. Bone Miner. Res. extract MGP from bones and the role of MGP in bone remodeling is under investigation. However, this is beyond the scope of the manuscript.

Our cited reference refers to enchondral ossification in mice and thus the term "bone calcification" is likely not precise. We corrected this according

10.1371/journal.pone.0235122.r003

Decision Letter 1

Popa-Wagner

Aurel

Academic Editor

© 2020 Aurel Popa-Wagner

2020

Aurel Popa-Wagner

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

10 Jun 2020

Matrix Gla protein polymorphism rs1800801 associates with recurrence of ischemic stroke

PONE-D-20-07538R1

Dear Dr. Griessenauer,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.
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Dear Dr. Griessenauer:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.
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